Objectives: The objectives of this study were (1) to assess whether a cohort of school-aged children experiences progression of stunting over a 2-y-period of observation and (2) to identify baseline nutritional and body composition risk factors for the progression of stunting. Methods: As part of a large-scale, randomized controlled trial assessing the impact of insecticide-treated bednets (ITNs) on nutritional status, we longitudinally followed a cohort of school-aged children over a 2-y-period in western Kenya. Anthropometric measurements were made at four time points from which Z-scores for height-for-age (HAZ), weight-for-age (WAZ), and body mass index (BMIZ) were calculated. Two measures of body composition, upper arm fat area and upper arm muscle area, were derived from mid-upper arm circumference (MUAC) and triceps skinfold thickness. Results: Subjects experienced a mean change in HAZ from baseline to 9 months of À0.16 [À0.19, À0.13], from baseline to 16 months of À0.18 [À0.22, À0.15], and from baseline to 24 months of À0.36 [À0.41, À0.31]. Thus, the average individual's change in HAZ at the three follow-up time points is significantly less than zero, meaning that, on average, the cohort is deviating further from NCHS reference medians over time. The baseline nutritional measure that explained the greatest amount of variance in the progression of stunting was the upper arm muscle area Z-score (F ¼ 8.1; P ¼ 0.005). Conclusions: This longitudinal study provides further evidence from a distinct ecological setting regarding the progression of undernutrition during middle childhood in the developing world. It suggests that school-aged children in the developing world do not experience catch-up growth or remain stable. Rather, they continue to deviate from NCHS standards, accruing greater height deficits with age. In addition, absolute lean body mass explained the most variability in the progression of stunting, which supports cross-sectional findings from other studies.
Introduction
Until recently, there was a paucity of data addressing the nutritional status of school-aged children in the developing world, with most work focusing on children under five. Studies from the Partnership for Child Development and other sources have recently highlighted the problem of undernutrition among school-aged children in the developing world (Stoltzfus et al, 1997; Partnership for Child Development, 1998a, b; Lwambo et al, 2000) . The recognized cost-effectiveness of school-based interventions to reduce the global burden of disease has further focused attention on delivery of health care in the school setting (Musgrove, 1993) .
Studies conducted across a range of ecologic settings in the developing world demonstrate that children enter middle childhood having already accrued significant deficits in nutritional status as assessed by height-for-age (HAZ) (stunting) and weight-for-age (WAZ) (underweight). (Martorell et al, 1995; Stoltzfus et al, 1997; Partnership for Child Development, 1998a ) Although children experience a slower phase of linear growth during middle childhood, (Tanner, 1990) , they will experience one of three patterns of growth during this period. They may experience catch-up growth, defined as height velocity above the statistical limits of normality for age and gender during a defined period of time (Boersma & Wit, 1997) . Catch-up growth closes the gap between a child's HAZ and that of international reference standards. They may remain stable, growing at approximately the same velocity of children in better environments, such that they complete middle childhood with only the deficits accrued during the first few years of life. Finally, they may continue to falter, growing at a slower velocity than children in better environments, such that deficits during middle childhood are added to those accrued during the first few years of life.
Although it is commonly believed that stunting occurs mainly in young children (Martorell et al, 1994) , recent studies suggest that during middle childhood, children do not catch up or even remain stable, but instead experience progression of stunting. In Sub-Saharan Africa, cross-sectional studies demonstrate an increasing prevalence of stunting with age (Partnership for Child Development, 1998a, b; Lwambo et al, 2000; Monyeki et al, 2000) , and longitudinal studies demonstrate that weight and height decline further from the international reference median over time (Stoltzfus et al, 1997) .
Growth faltering is of great public health significance, as attained height has important implications for adult work capacity (Martorell & Arroyave, 1988; Norgan, 2000) and reproductive outcomes. (Martorell et al, 1981; Eveleth, 1985) . It is important to understand the dynamics of ponderal and linear growth during middle childhood, as the timing of nutritional interventions depends on identifying periods of faltering. This should be addressed across different populations that vary genetically and environmentally, such that more general patterns and plans for intervention may be established. Longitudinal studies, in particular, are essential, as growth is a dynamic process, and school-based crosssectional studies examining age and growth may suffer from threats to validity based on cohort effects and reverse causality. Longitudinal studies allow an examination of within-person changes over time, allowing better inference to be made about dynamic processes such as growth.
In addition, identification of nutritional and body compositional factors that place children at risk of poor linear growth are important to identify. Cross-sectional studies have demonstrated that children with greater lean body mass are significantly taller than those with less lean body mass. . Studies in industrialized countries also suggest that decreased lean body mass is related to growth failure in children with HIV and renal failure (Arpadi et al, 1998; Arpadi et al, 2000; Johnson et al, 2000) .
As part of a large-scale, randomized controlled trial assessing the impact of insecticide-treated bednets (ITNs) on nutritional status , we followed a cohort of school-aged children over a 2-y-period in western Kenya. The objectives of this study were (1) to assess whether a cohort of school-age children experiences progression of stunting over a 2-y-period of observation and (2) to identify baseline nutritional and body composition risk factors for progression of stunting. Identification of biologic factors related to progression of stunting may help to identify children at greatest risk and glean some insight into possible mechanisms of growth faltering.
Materials and methods

Study area and population
This study was conducted in the context of a large randomized controlled trial of ITNs for which the primary outcome was under-five mortality (Phillips-Howard et al, 2003b) . The study area is in Rarieda Division, western Kenya, which covers an area of 200 km 2 within a subsection of Siaya and Bondo Districts. The southern boundary of the study area lies on Lake Victoria. The prevalence of stunting (HAZoÀ2), wasting (WHZoÀ2) and, underweight (WAZo-2) was 30, 4, and 20%, respectively among children under five in this study area (Kwena et al, 2003) . The study area is populated predominately by individuals of the Luo ethnic group. Polygamy is a common practice, with a number of wives and their children living in separate houses within the family compound. The principal occupation is subsistence farming. Maize, sorghum, cassava, millet, and a few other vegetables are cultivated and some animal husbandry (primarily cattle) is done. Fishing on Lake Victoria supplements the diet and is used to earn cash. In most years, there is a long rainy season from March to May and a short rainy season from October to December. This pattern of rainfall is sufficient to maintain malaria transmission perennially, and the average number of infective bites ranges from 60 to 300 per person per year (Beier et al, 1994) . A study conducted in 15 villages contained within this study area found average monthly Plasmodium falciparum parasite prevalences of 75 and 60% among children aged 5-9 and 10-14 y, respectively (Bloland et al, 1999) . Previous studies conducted in this district have demonstrated high prevalences of Schistosoma mansoni (24-84%), Ascaris (16-43%), Trichuris (24-59%), and hookworm infections (63-75%) among school-aged children (Olsen, 1998; Olds et al, 1999; Brooker et al, 2001) .
At the outset of the study, 58 primary schools were recorded within the boundaries of the study area. Most schools have a catchment area of three to five villages. School fees are generally equivalent to approximately $8.00 US dollars per trimester. Approximately 80% of children 5-12 y of age attend primary school at any given time (District Education Officer, personal communication). Discontinuity in school attendance is common. Children may miss entire semesters due to prohibitive school fees or the need for the child's assistance at home.
Assembly of subjects
Primary schools in the study area were visited in order of selection by a random number generator. Schools were eligible to participate if the headmaster agreed and allowed study staff to explain the study to parents. In addition, eligible schools had a mix of children from ITN and control villages within a range of 40-60%. In all, 13 schools were approached before the desired sample size of approximately 1000 children under age 13 y was achieved with seven primary schools. Ineligibility of the six schools was due to unequal proportions of students from ITN and control villages rather than headmaster refusal. In each of the schools, all students in the appropriate age range participated.
The seven recruited schools were visited in October 1996, before ITNs were distributed, to obtain baseline measurements. Follow-up measurements were then obtained at three subsequent time-points: after the long rains in July 1997, just before the subsequent long rains in February 1998, and at the end of the study in October 1998. At each time point, measurements were obtained at all seven schools within a 3-week time frame. In addition, each school was visited a second time at each time point within 2 weeks of the initial measurement to capture any children who were absent at the time of the first visit. With the assistance of teachers, children provided their village of residence and date of birth. Each child was also provided with a form on which a parent recorded the child's date of birth and the house location code number, which had been written on the door of his/her home during the demographic survey (PhillipsHoward et al, 2003a) . This code number indicated the village, compound, and house number. The child's ITN randomization status, defined on an intention to treat basis (village of residence), and date of birth were determined based upon these data, or by that provided by the child and teacher if the form was not returned. In total, 13 subjects of 1093 initially recruited were over the age of 13.5 y (range 13.6 to 18.3 y) and were excluded from analyses given insufficient numbers in yearly age categories to make reliable estimates of means. This left a cohort of 1080 children between the ages of 4.5 and 13.5 y.
Nutritional assessment
The height and weight of children were measured with them wearing light clothing and no shoes, according to procedures described by Jelliffe, (1966) . The child's height was recorded to 0.1 cm using a wooden height board with a sliding headpiece parallel to the base. The same height board, which was constructed by a local carpenter according to United Nations specifications (1986) was used throughout the study. Weight was measured to 0.1 kg on a Seca model 770 scale (Seca Inc., Columbia, MD, USA). Mid-upper arm circumference (MUAC), a composite measure of upper arm muscle and subcutaneous fat reserves, was measured to 0.1 cm at the midpoint of the left upper arm, between the acromion process and the tip of the olecranon, using a nonstretch ''Zerfuss'' insertion tape (Ross, USA) (Gibson, 1990) . Triceps skinfold thickness, a measure of subcutaneous fat stores, was measured to 0.2 mm at the same location using Holtan skinfold calipers (Crymych, UK) (Gibson, 1990) . Triceps skinfold measurements were made in duplicate by one of two trained field staff who performed the triceps skinfold measure throughout the study. The mean of these two measurements was used in all statistical analyses.
HAZ, weight-for-height (WHZ), and WAZ Z-scores were calculated from Center for Disease Control (National Center for Health Statistics)/World Health Organization (1977/ 1985) reference values using EpiInfo 2002 software. Body mass index (BMI), which is the weight in kilograms divided by height in square meters, was also calculated. EpiInfo 2000 software and Centers for Disease Control (2000) reference data were used to calculate BMI Z-scores (BMIZ). BMIZ was the primary weight-for-stature measure used, as EpiInfo will not calculate WHZ for girls 410 y of age and boys 411.5 y of age due to variability in this index based on pubertal status. Stunting, wasting and underweight were defined as HAZ, BMIZ, and WAZoÀ2 s.d. from the reference median, respectively. In addition, two measures of body composition, upper arm fat area and upper arm muscle area, were derived from MUAC and triceps skinfold thickness as described by Frisancho (Frisancho, 1981) . Upper arm muscle area provides a summary measure of protein and bone or 'lean body mass' that is an indicator of protein reserves (Zemel et al, 1997; Frisancho, 1981) . Upper arm fat and muscle area Z-scores were calculated based on age and gender specific means and standard deviations from the National Health and Nutrition Examination Surveys I and II (Frisancho, 1990) . Estimates of percent body fat and lean body mass were also determined based on percent of upper arm attributable to fat and muscle, respectively (Frisancho, 1990) .
Confounding/mediating covariates Age was calculated from date of birth. If month and year, or only year (N ¼ 2), were available for a child's date of birth, the 15th of the known month or the mid-year day were used, respectively. Age data were available for 878 subjects (81%). For children whose parents provided the study number from the door of the house, socioeconomic status and hygiene variables were available, including whether animals were owned, the number of cows owned, and whether there was a pit latrine (data available for 77.3% of the cohort). The effect of seasonality was also addressed using a covariate that captured whether the follow-up measurement was made during a rainy or dry season.
Informed consent
Village-based barazas were held at the time of ITN distribution to discuss the project, provide information, and answer questions in the native language, Dholuo. The ITN trial was approved by the institutional review boards of the Kenya Medical Research Institute (KEMRI) and the Centers for Disease Control and Prevention (CDC), Atlanta, Georgia, USA. Informed consent was obtained from all parents after explanation of the study procedures. In addition, information sessions were conducted at all seven schools explaining the details of this project.
Data analysis
Most statistical analyses were performed using SAS version 8.2. (Cary, NC, USA). Yearly age categories were created such that a given age category contains children who are within 6 months of the specified age, for example age category five contains children aged 4.5-5.5 y of age. If age categories did not contain at least six observations, means were not depicted graphically. Bivariate analyses were performed to assess baseline nutritional differences between the girls and boys and to identify covariates for inclusion in multivariate models, using SUDAAN 8.0 to adjust for clustering at the school level. For continuous covariates, which were all normally distributed, confidence intervals (CI) and significance tests (Student's T-test) are presented, and for all other data, proportions and w 2 -square tests of association are reported. A mixed effects model that included data from all four time points was created with HAZ as the outcome (Singer, 1998) . Covariates that were significant in bivariate analyses (Po0.10) were included for evaluation in the multivariate model. Baseline HAZ was included as a covariate, rather than in the response vector, such that the model is adjusted for the baseline measure. The model, therefore, represents change in an individual's HAZ over time. An attempt to account for the two levels of clustering (school and village) in one model was made; however, this model did not converge. Therefore, clustering was taken into account at the school level, in accordance with study design. This was done by specifying school as a random intercept term in the model. In addition, we adjusted the standard error to account for repeated measures on children, assuming that observations closer together in time were more highly correlated than those further apart (autoregressive covariance structure). School level random intercepts were evaluated in each model. We adjusted for ITN status in all multivariate analyses. Model diagnostics were performed to assess collinearity and homoskedasticity. The least squares means was used to produce population estimates of mean HAZ at 9 and 24 months, adjusting for baseline upper arm muscle area, baseline HAZ, and other covariates. In multivariate models, covariates that were significant at Po0.05 were considered statistically significant.
Results
At the baseline measurement, 1080 children were eligible to participate. The following numbers of subjects were available for measurement at the three follow-up time points: 789 (73%) after the long rains in July 1997, 724 (67%) just before the subsequent long rains in February 1998, and 605 (56%) at the end of the study in October 1998. A total of 835 subjects had complete data for use in multivariate models (77.3%). Using the last measurement time point to define lost to followup, there were no statistically significant baseline differences with respect to age or nutritional status (HAZ, WAZ, or BMIZ) between those who were followed for the whole study and those who were ultimately lost to followup. There were gender differences, however, with girls more likely than boys to be lost to follow-up (48.4 vs 39.2% lost to follow-up respectively; w 2 -Po0.003). Baseline characteristics of the cohort are shown in Table 1 , pooled and split by gender and age group. At study inception, the children were 4.9-13.5 y of age (mean (95% CI) of 9.1 [8.9, 9.2] y) and 52.0% were female. The observed standard deviations of the Z-scores for HAZ and WAZ were 1.24 and 0.90, respectively, falling within the WHO recommended ranges and suggesting the quality of the data was good (WHO, 1995) . Relative to a healthy reference population, the cohort was malnourished at baseline with mean Z-scores for nutritional outcomes around one standard deviation below the median. Overall, 18.3, 16.0, and 17.1% were stunted, undernourished, and wasted (HAZ, WAZ, and BMIZoÀ2 s.d. from the NCHS median), respectively. A greater proportion of boys than girls were stunted (21.6 vs 15.3%; P ¼ 0.02).
Cross-sectional prevalence of stunting and wasting by gender and age category are shown in Figure 1 . In bivariate analyses, baseline HAZ was inversely related to age, with yearly differences in HAZ of 0.29 s.d. (Po0.0004) with each increase in age category. Baseline HAZ was higher for girls than boys (adjusted Z-score difference 0.19 s.d.; P ¼ 0.10).
Changes from baseline results, examining the intraindividual progression of stunting over 9 and 24 months, are presented in Figure 2 . Similar trends were observed at 16 months and this time point is omitted for clarity. The mean intra-individual change in HAZ from baseline for the whole cohort was 0.16 (À0.19, À0.13) at 9 months, À0.18 (À0.22, À0.15) at 16 months, and À0.36 (À0.41, À0.31) at 24 months. Thus between baseline and 9 months and baseline and 24 months, the cohort deviated further from the NCHS reference median. In addition, the prevalence of stunting was 18.3, 20.3, 19.7, and 26.1% at time points 1, 2, 3, and 4, respectively.
Longitudinal multivariate models were made to investigate baseline nutritional and body compositional predictors of the progression of stunting over time. Models included baseline HAZ, gender, age, time, ITN status, and a single baseline nutritional measure. The baseline measure that explained the greatest amount of variance in the progression of stunting was the upper arm muscle area Z-score (F ¼ 8.1; P ¼ 0.005). The final longitudinal model containing all covariates significantly related to the progression of stunting is shown in Table 2 . Baseline upper arm muscle area Z-score was significantly and positively associated with HAZ at follow up (b ¼ 0.055; P ¼ 0.04). Baseline age was significantly related to progression of stunting, with older children experiencing sharper declines in HAZ (b ¼ À0.005; Po0.0001) over time. An interaction term was added to Progression of stunting among school-aged children JF Friedman et al the model to investigate whether the relationship between age and HAZ was the same for older and younger children (age cutoff o 9 y at baseline). The interaction term was not statistically significant, suggesting that the relationship between age and progression of stunting was not limited to older children, who might experience the onset of puberty and its associated growth spurt later than the populations on whom the reference curves are based. SES was not associated with the progression of stunting. Female gender conferred a slightly higher risk of progression of stunting; however, this did not reach statistical significance (b ¼ À0.05; P ¼ 0.08). Finally, the season of follow-up measurement (rainy vs dry), did not have a statistically significant impact on HAZ.
The mean HAZ at follow up adjusted for baseline HAZ, age, sex, and ITN status split by children with baseline upper arm muscle area Z-scores less than or greater than the 25%ile and 75%ile of the distribution, respectively, is shown in Figure 3 . Similar trends were observed at 16 months and this time point is omitted for clarity. Change in HAZ was statistically significantly greater among those with higher vs lower upper arm muscle area Z-scores at baseline (HAZ À1.044 vs À1.917 at 9 months; Po0.001 and HAZ À1.114 vs À1.301 at 24 months; P ¼ 0.04).
Discussion
Results from this work confirm findings from many other studies addressing age and gender patterns of undernutrition in Sub-Saharan Africa. It provides further evidence from a distinct ecological setting regarding the persistent problem of undernutrition during middle childhood in the developing world. The longitudinal design of this study, encompassing a relatively long period of follow up, also allows us to draw conclusions about within-individual progression of stunting during the school-age years. Finally, the longitudinal nature of this work allowed identification of baseline nutritional and body compositional factors associated with the progression of stunting. To our knowledge, this is the first longitudinal study conducted in the developing world to address baseline nutritional factors associated with the progression of stunting. Figure 2 Longitudinal mean change in HAZ from baseline to 9 and 24 months. Each data point represents between 12 and 83 observations, with the exception of age category 12 at 24 months, which represents eight observations. Note: Similar trends were observed at 16 months and this time point is omitted for clarity. Both cross-sectional and longitudinal data from this study demonstrate the progression of height deficit accrual during middle childhood. The increasing prevalence of stunting at baseline by increasing age category suggests this. The longitudinal data, which is less susceptible to threats to validity such as cohort effects and selection bias, also suggest that children in this age group continue to accrue yearly deficits in height compared with international reference standards. The 95% confidence limits for change in HAZ from baseline to both 9 and 24 months did not include zero, suggesting that children deviate further from NCHS medians with age.
Although it is believed that the greatest degree of stunting occurs during the first 2 y of life (Martorell et al, 1994) , a time period of extremely rapid linear growth, data from this study and other recent studies suggest that growth stunting progresses through the school-age years (Neumann & Harrison, 1994; Stoltzfus et al, 1997; Partnership for Child Development, 1998a, b; Lwambo et al, 2000) . This is not surprising given children in better environments continue to grow, though at a slower pace, throughout middle childhood. This study, together with other longitudinal studies (Neumann & Harrison, 1994; Stoltzfus et al, 1997) , suggests that school-aged children in the developing world do not experience significant 'type A' catch-up growth (accelerated growth velocity following an insult to growth) (Boersma & Wit, 1997) or remain stable. Rather, data from this study suggests that school-aged children, who remain in the same environments, continue to deviate from NCHS standards, accruing greater height deficits with age. It is possible that these deficits are made up through Type B catch-up growth, a later onset of pubertal growth spurt, which allows a longer period of middle childhood growth.
In this study, we were also able to explore nutritional and body compositional covariates related to the progression of stunting. We found that upper arm muscle area Z-score, an age and gender adjusted measure of absolute lean body mass, explained the most variability in the progression of stunting, whereas percent lean body mass and measures of absolute body fat were not significantly related to the progression of stunting. Similarly, cross-sectional studies conducted in Central America found that children with greater lean body mass as measured by upper arm muscle diameter are significantly taller than those with less lean body mass, whereas fat mass is not related to stature . More recent studies of children with chronic diseases suggest that deficits in the fat free mass compartment, rather than the fat compartment, are related to growth failure in children with HIV (Arpadi et al, 1998 (Arpadi et al, , 2000 , and treatment-related improvements in linear growth in renal failure are related to increases in fat free mass and actual decreases in total fat (Johnson et al, 2000) . These findings as well as our study highlight the importance of the status of specific body compartments, rather than summary measures of body size, in relation to linear growth. Further, the longitudinal nature of our study allows the establishment of a temporal sequence of events that does not suffer from threats to validity such as reverse causality, which may make inferences in the aforementioned cross-sectional studies more difficult. Identification of specific nutritional risk factors for the progression of stunting will help to more accurately identify children at risk and may suggest possible mechanisms as discussed below.
Chronic undernutrition, as evidenced by a high proportion of stunted children, was prevalent in this cohort (18.3% at baseline). Wasting, as assessed by BMIZ, was also prevalent (17.1%). Of note, wasting as determined by WHZ, as compared with BMIZ, was much less prevalent (6.0% at baseline), as has been demonstrated in other studies in the developing world (Stoltzfus et al, 1997; Partnership for Child Development, 1998a, b; Lwambo et al, 2000) . Studies in SubSaharan Africa suggest that the prevalence of undernutrition may be greater in children not enrolled in school (Fentiman & Hall, 1997; Beasley et al, 2000) ; therefore, the proportions found in this school-based sample likely underestimate the degree of undernutrition in this age group. In addition, boys in this cohort were more likely to be stunted than girls, a finding reported in several other studies (Stoltzfus et al, 1997; Partnership for Child Development, 1998a, b; Lwambo et al, 2000) In our 2 y follow-up, however, girls experienced greater height deficit accrual compared to a healthy reference population than did boys. The paucity of longitudinal data extending into early adulthood, and of descriptive studies addressing sex differences in the prevalence of stunting among adults in the developing world, leaves unclear whether these differences persist into adulthood.
There are several limitations to this study that should be addressed. First, this was a school-based cohort and some findings may be related to selection bias. For example, the fact that girls were better off nutritionally, and older children experienced more significant declines in HAZ over time, may reflect the fact that children attending school who are younger and female come from families with greater resources. Families with less disposable income may choose to send only boys and older children to school. Further, our finding that girls were more likely to be lost to follow up, which is often due to missing semesters based on scarce family resources, suggests that families may be more likely to withdraw females from school and possibly less likely to initially enroll them, if resources are inadequate. Second, as our cohort did not include older volunteers completing puberty, we cannot address whether deficits accrued during middle child impact final adult height. If children experience increased growth velocity during adolescence (Type A catch-up growth), or begin their adolescent growth spurt later allowing an extended period of middle childhood growth (Type B catch-up growth), or a combination of these (Type C catch-up growth), they may recapture some of the height deficits lost during early and middle childhood (Boersma & Wit, 1997) . More studies are needed to address the dynamics of growth during and just after adolescence to address this question. Finally, absolute lean body mass, which was related to the progression of stunting, may be a proxy for an unmeasured factor that is a more biologically relevant predictor of the progression of stunting. Unmeasured factors that may be related both to lean body mass and progression of stunting include micronutrient status (Brown et al, 2002) and host elaboration of pro-inflammatory cytokines. Proinflammatory cytokines cause specific lean body mass depletion (Li et al, 1998; Kotler, 2000) and may impede growth through both their anorexia inducing effects and direct inhibitory effects on bone growth (Bertolini et al, 1986; Skerry, 1994; Goldring & Goldring, 1996) Malaria and the helminth infections prevalent in this study area, are known to cause elaboration of proinflammatory cytokines (Kloos et al, 1982; Kwiatkowski, 1990; Kwiatkowski et al, 1990; Zwingenberger et al, 1990; Kern et al, 1992; Abdel Azim et al, 1995) , and children who make relatively more of these in response to infection may have both lower lean body mass and more marked growth faltering.
That children continue to experience growth faltering during middle childhood indicates that they have insufficient intake of micronutrients, macronutrients or both to meet the demands of normal growth. Parasitic diseases may contribute to growth faltering by interfering with nutrient absorption or through the elaboration of proinflammatory cytokines, which cause anorexia and may have direct inhibitory effects on bone growth. In addition to the potential long-term consequences of stunting, the same deficiencies that cause growth faltering during middle childhood may have other important functional consequences for the school-aged child, most importantly, potential effects on cognitive function and learning. Although this and other studies indicate that school-aged children represent a nutritionally vulnerable population, more studies are needed to elucidate the primary mechanisms leading to growth faltering, such that recommendations for cost-effective interventions can be made.
